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Description 

BACKGROUND OF THE INVENTION 

1. Field ot the Invention 

The present invention relates to methods and rea- 
gents tor the covalent attachment of specific binding 
members to a solid support. In particular, the invention 
relates to the imnrK>bilization of specific binding mem- 
bers on solid supports for use in diagnostic assays and 
separation procedures. 

2. Description of Related Art 

Binding assays have found widespread application 
in the field of clinical diagnostics for the detection and/ 
or measurement of drugs, hormones, proteins, pep- 
tides, metabolites, microorganistns and other substanc- 
es of interest, commonly referred to as analytes, in both 
biological and non-biological fluids. Binding assays in- 
corporate specific binding members, typified by anti- 
body and antigen immunoreaclants. wherein one mem- 
ber of the specific binding pair is labeled with a signal- 
producing compound (e.g., an antibody labeled with an 
enzyme; a fluorescent compound; a chemiluminescent 
compound; a radioactive label; a direct visual label; 
etc.). For example, in a binding assay the test sample 
suspected ot containing analyte can be mixed with a la- 
beled anti-analyte antibody and incubated for the immu- 
noreaction tooccur. The reaction mixture is subsequent- 
ly analyzed to detect either the label associated with an 
antibody/analyte complex (bound label) or the labeled 
antibody which is not complexed with analyte (free la- 
bel), thereby enabling the detection or measurement of 
the analyte in the test sample. 

Binding assays can be divided into two general cat- 
egories known as homogeneous and heterogeneous 
assays. In the homogeneous assays, the signal pro- 
duced by the bound label is different from the signal pro- 
duced by the free label. As a result, bound and free label 
can be distinguished without physical separation of the 
individual reactants from the reaction mixture. 

A well-known homogeneous binding assay is the 
enzyme-multiplied immunoassay technique (EMIT) 
which is disclosed in U.S. Patent 3.817,837. In the EMIT 
assay, the analyte present in the patient's test sample 
and an enzyme-labeled analyte compete for a limited 
amount of anti-analyte antitxxiy. The specific binding of 
the antibody to the analyte-enzyme conjugate modu- 
lates the conjugate's enzymatic activity such that the en- 
zyme activity is proportional to the amount of analyte in 
the test sample. Homogeneous binding assays have the 
advantages of being rapid, easy to perform, and readily 
adapted to automation. Their disadvantages are that 
they are susceptible to interferences caused by non-an- 
alyte substances in the test sample, they are generally 
limited to assays for low molecular weight analytes, and 



they have a limited sensitivity. 

In a heterogenous binding assay, the signal pro- 
duced by the bound label is indistinguishable from the 
signal produced by the free label; therefore, the free la- 

5 bel and the bound label must be separated from one 
another to distinguish between their respective signals. 
In some cases, the complex with which the bound label 
is associated will substantially differ in molecular weight 
from the free labeled reactant so that centrif ugation can 

10 be used to separate the heavier complex. 

An alternative to centrifugation involves attaching 
at least one of the binding assay's reactants to a solid 
support. The solid support can then be separated from 
the test sample and the remaining assay reagents to 

15 provide for the separation of the free and bound label. 
The separation of the solid support and reaction mixture 
can be accomplished either by drawing-otf the remain- 
ing reaction mixture or by physically removing the solid 
phase from the reaction mixture. The solid support can 

20 also be treated or washed to remove interfering sub- 
stances prior to the detection or measurement of the la- 
bel associated with the solid phase. 

Longer incubation times may be required in the het- 
erogeneous assay. This is because the kinetics of a re- 

2S action between a solid phase-bound specific binding 
member and its complementary binding partner tend to 
be slower than the kinetics of the same reaction when 
both binding members are in solution. The heterogene- 
ous assays, however, are in general more sensitive than 

30 homogeneous assays and less prone to interterences, 
because interfering substances can be removed by the 
wash steps. 

Variations to this generar solid phase separation 
scheme have been developed, but they typically involve 

35 the binding of the analyte to a specific binding member 
which is attached to a solid phase. Generally, specific 
binding members are attached to or immobilized on the 
solid phase by adsorption or covalent bonding. Adsorp- 
tion results from the action of the solid phase in attract- 

40 ing and holding the specific binding member. With cov- 
alent bonding, the specific binding member and the solid 
phase are chemically reacted to result in a bond which 
immobilizes the specific binding member on the solid 
phase. 

45 The linkage between the solid phase and the immo- 
bilized specific binding member can greatly affect the 
binding of that specific binding member to the analyte. 
For example, antibodies have extremely specific struc- 
tural, spatial and polar configurations which enable 

50 them to recognize and bind to a specific analyte (e.g.. 
antigen). When antibodies are used in an assay for the 
detection of antigens, the antibodies may be the specific 
binding members linked to the solid phase. The proxim- 
ity of the solid phase to the antibody, however, can par- 

55 tially or completely block the sites on the antibody to 
which the antigen binds. In addition, the linkage be- 
tween the antibody and the solid phase can alter the 
conformation of the antibody and thereby affect the an- 
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tibody's ability to bind to the analyte. The same timita- 
lions hold for the linkage ol other specific binding mem- 
bers to a solid phase; the specific binding members may 
attach in a spectrum of positions ranging from complete 
steric hindrance ot the binding site to unhindered ac- 
cess, and/or the conformation of the specific binding 
member can change upon linking to the solid phase so 
that its complementary binding partner can no longer 
recognize it or bind to it. As may be expected, the sen- 
sitivity of the assay declines with increasing levels of 
steric hindrance and loss of reactivity. 

A conventional method for covalently attaching a 
proleinaceous specific binding member to a polymeric 
solid phase involves the use of carbodiimide to crosslink 
the amine groups of the protein to the carboxyl groups 
on the surface of the solid phase. Alternatively, gtuter- 
aldehyde is used to crosslink the amines ot the protein 
to surface bound amines on the solid phase. These 
crosslinking methods, however, are poorty controlled, 
often resulting in protein/protein crosslinking and non- 
specific reactions, such as the over-modification of the 
protein which may result in a decrease in the binding 
capacity of the specific binding member. In addition, the 
protein that is so immobilized has poor reactivity, making 
it necessary to bind large amounts ot the protein to the 
solid phase to obtain suitable assay sensitivity. 

There have been two main approaches to solving 
the crosslinking problems associated with the heteroge- 
neous assays. One approach has been to complete the 
reaction of the binding partners prior to the immobiliza- 
tion of the newly formed complex upon the solid phase. 
The other technique has been to extend the length of 
the linkage between the specific binding member and 
the solid phase. The linking or coupling agent must 
maintain the linkage during the chemical manipulations 
of the assay, as well as during the physical manipula- 
tions of washing and separation steps. Extended length 
heterobifunctional coupling agents have been de- 
scribed in EP-A-314.127 (Abbott Laboratories), wherein 
the covalent attachment of specific binding members to 
the solid phase is accomplished using an extended 
length molecular chain having at least one linking group 
that is reactive with a chemical group on the solid phase 
and at least one linking group that is reactive with a 
chemical group on the specific binding member. 

Patent Abstracts of Japan, vol. 5, no. 8, (C-39)(680) 
discloses specific binding members attached to insolu- 
ble carriers through two disulfide linkages and an inter- 
lying spacer group. 

US-A-4 529 712 discloses conjugates of an animal 
cell and a specific binding member having an amino 
group, said specific binding member being connected 
to the amino-reactive end ot said cross-linking reagent 
via an amide bond and said cell being connected to the 
thiol-reactive end of said cross-linking reagent by way 
of a thiol group on the surface of said ceils or by way ot 
thiol groups derived from amino groups on the surface 
of said celts, said surface amino groups having been 



converted into thiol group-containing amides. 

Johnson, J. C, "Immobilized Enzymes, Preparation 
and Engineering. Recent Advances", 1979. Noyes Data 
Corporation, Park Ride, New Jersey, USA. pages 

5 258-260 summarizes the contents of US-A-3 904 478 
which discloses thio-derivattves of coenzymes, such as 
thioether derivatives, which may be coupled to an amino 
group, for example, on a bifunctional organic com- 
pound, said compound being also coupled to a support 

10 material. 

The reaction between a nucleophile such as an 
amine and a thioether results in the displacement of the 
thioether group as illustrated by Leonard, E. 0., et at.. 
Archives of Biochemistry and Biophysics, 99: 16-24 

15 (1962). 

Carlsson, J., etal.. Biochem. J. 173: 723-737 (1978) 
discusses the reversibility ol disulfide bonds and states 
that disulfide bridges between protein molecules are 
easily split by reduction or thiol-disulfide exchange. 

20 

SUMMARY OF THE INVENTION 

The present invention provides methods for prepar- 
ing thiolated solid phase materials and immobilized spe- 
2S cific binding members. 

A reactive solid phase, having an immobilized spe- 
cific binding member, produced by the present inven- 
tion, comprises a compound of the formula: 

30 

B-R-X-R'-M 

wherein B is a solid phase having a reactive mem- 
ber selected from the group consisting of amino, 
35 carboxyl and thiol groups; 

M is a specific binding member having an amino 
group; 

R and R' are coupling agents independently select- 
ed from the group consisting ol heterobifunctional 

40 and homobifunctional reagents; and 

X is a dithio compound linked to R through a 
thioether and to R' through a thioether; wherein R 
is attached to B via the amino, carboxyl or thiol 
group of B, and R' is attached to M via the amino 

45 group of M. 

The immobilized specific binding member is pre- 
pared by first reacting the solid phase with a first cou- 
pling agent, thereby forming a solid phase/coupling 

50 agent complex. The aminated specific binding member 
is reacted with a second coupling agent, thereby forming 
a specific binding member/coupling agent complex. The 
solid phase/coupling agent complex is then reacted with 
a dithiol compound to form a thiolated solid phase/cou- 

55 pting agent complex. And, the thiolated solid phase/cou- 
pling agent complex is reacted with the specific binding 
member/coupling agent complex to form the dithioether 
crosslinked solid phase/specific binding member com- 
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ptex. Alternatively, the specific binding nfiember/cou- 
pling agent complex can be reacted with the dithiol com- 
pound to form a thiolated specific binding member/cou- 
pling agent complex, which is then reacted with the solid 
phase/coupling agent complex to form the immobilized 
specific binding member. 

The present invention is also of use in forming a thi- 
olated solid phase represented by the formula: 

B-R-XH 

wherein B is a solid phase having an amino, carboxyl or 
thiol group. R is a heterobif unctionat or homobifunction- 
al coupling agent and XH is a dithio compound linked to 
R through a thioether. The thiolated solid phase is made 
by reacting the solid phase with a heterobifunctional or 
homobifunctional coupling agent to form a solid phase/ 
coupling agent complex and then reacting the complex 
with a dithiol compound to form a thiolated solid phase/ 
coupling agent complex. 

The resulting immobilized specific binding member 
can be used in diagnostic binding assays. And, the im- 
mobilized specific binding member can optionally be in- 
corporated into or onto a support medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatical illustration of the modifi- 
cation of an amino-bearing specific binding member to 
include a thiol-reactive group using a maleimido-NHS 
active ester coupling agent. 

Fig. 2 is a diagrammatical illustration of the modifi- 
cation of an amino-bearing specific binding member to 
include a thiol-reactive group using an active halogen- 
NHS active ester coupling agent. 

Fig. 3 is a diagrammatical illustration of the modifi- 
cation of an amino-bearing solid phase with a dithiol 
compound to form a thiolated solid phase. 

Fig. 4 is a diagrammatical illustration of the sullhy- 
dryl Crosslin king of a thiolated solid phase/coupling 
agent complex and a specific binding member/coupling 
agent complex to form an immobilized specific binding 
member. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides novel methods for 
the covalenl linkage of the specific binding member and 
the solid phase, such as the immobilization of a protein 
on a solid phase for use in an immunoassay The meth- 
od can be used to covalently crosslink two amino-con- 
taining components. These components include, but 
are not limited to. antibodies, enzymes, peptides, cells^ 
haptens, small molecules, solid phases, liposomes, and 
polymers. The general methodology of the present in- 
vention involves the modification of the specific binding 
member and/or the solid phase to incorporate thiol-re- 



active functional groups. The activated specific binding 
member is then allowed to react with the thiolated solid 
phase to produce the covalent linkage. Both the solid 
phase and the specific binding member are individually 

5 modified to include extended length homobifunctional or 
heterobifunctional coupling agents, which in turn can be 
cross I inked through a dithiol compound. 

The present invention provides greater control over 
the chemistry for the production of both derivatized solid 

10 supports and immobilized specific binding members. 
The invention enables the production of immobilized 
specific binding members which have increased sensi- 
tivity, specificity and stability, while requiring less specif- 
ic binding member be used. In addition, the present in- 

15 vention may alter the surface charge of the solid phase, 
which in some instances eliminates the charge-related 
nonspecific interactions which can occur in binding as- 
says. The covalently bound specific binding member/ 
solid phase compounds of the present invention can be 

20 used in both sandwich and competitive heterogeneous 
binding assays, in both forward and reverse assay tech- 
niques. 

Definitions 

25 

The following definitions are applicable to the 
present invention. 

The term "specific binding member", as used here- 
in, refers to a member of a specific binding pair, i.e.. two 

30 different molecules where one of the molecules through 
chemical or physical means specifically binds to the sec- 
ond molecule. In addition to antigen and antibody-spe- 
cific binding pairs, other specific binding parrs include 
biotin and avidin. carbohydrates and lectins, comple- 

35 mentary nucleotide sequences (including probe and 
capture nucleic acid sequences used in DNA hybridiza- 
tion assays to detect a target nucleic acid sequence), 
complementary peptide sequences including those 
formed by recombinant methods, effector and receptor 

40 molecules, enzyme cofactors and enzymes, enzyme in- 
hibitors and enzymes, and the like. Furthermore, spe- 
cific binding pairs can include members that are analogs 
of the original specific binding member For example, a 
derivative or fragment of the analyte, i.e., an analyte- 

45 analog, can be used so long as it has at least one 
epitope in common with the analyte. Immunoreactive 
specific binding members include antigens, haptens, 
antibodies, and complexes thereof including those 
formed by recombinant DNA methods or peptide syn- 

50 thesis. 

'Analyte', as used herein, is the substance to be 
detected in or separated from the test sample using the 
present invention. The analyte can be any substance for 
which there exists a naturally occurring specific binding 
55 member or for which a specific binding member can be 
prepared. In addition, the analyte may bind to more than 
one specific binding member "Analyte" also includes 
any antigenic substances, haptens, antibodies, and 
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combinalions thereof. The anaiyle can include a protein, 
a peptide, an amino acid, a hormone, a steroid, a vita- 
min, a drug inciuding those administered for therapeutic 
purposes as well as those administered for Illicit purpos- 
es, a bacterium, a virus, and metabolites of or antibodies 
to any of the above substances. 

"Solid phase", as used herein, includes the material 
upon which a specific binding member can be immobi- 
lized for use in diagnostic assays, affinity chromatogra- 
phy and separation procedures. While the Exarnples 
which follow generally deal with microparticle solid 
phases made of polymeric materials, many other solid 
phase configurations are possible so long as the mate- 
rial includes or can be formed or derivatized to accept 
the requisite linking groups enabling the immobilization 
of a specific binding member 

The solid phase can include, without limitation, pol- 
ymeric or glass beads, microparticles, tubes, sheets, 
plates, slides, wells, tapes, testjubes, or the like. Natu- 
ral, synthetic or naturally occurring materials that are 
synthetically modified, can be used as the solid phase 
including polysaccharides, e.g., cellulose materials 
such as paper and cellulose derivatives such as cellu- 
lose acetate and nitrocellulose; silica; silicon particles: 
inorganic materials such as deactivated alumina, or oth- 
er inorganic finely divided material uniformly dispersed 
in a porous polymer matrix, with polymers such as vinyl 
chloride, vinyl chloride polymer with propylene, and vinyl 
chloride polymer with vinyl acetate; polyethylene; cloth, 
both naturally occurring (e.g., cotton) and synthetic (e. 
g., nylon); porous gels such as silica gel; polymeric films 
such as polyacrylates; and the like. It will be readily ap- 
parent to those skilled in the art that a variety of solid 
phase materials can be adapted for use in accordance 
with the present invention. 

In addition, a solid phase prepared in accordance 
with the present invention can be incorporated within or 
upon a separate support medium. Support media in- 
clude any suitable absorbent, chromatographic, bibu- 
lous, porous or capillary material. For example, the sup- 
port media can include a fiberglass, cellulose or nylon 
pad for use in a flow-through assay device as described 
in co-owned and copending European Patent Publica- 
tion No. 21 7.403 published April 8. 1 987. The device dis- 
closed therein comprises a substantially planer layer of 
material having a porous matrix of fibers, upon which 
are immobilized a plurality of substantially spherical mi- 
croparticles bearing an immobilized specific binding 
member. Similarly, a dipstick lor a dip and read assay 
or a lest strip for chromatographic (e.g., paper or glass 
fiber) or thin layer chromatographic (e.g.. nitrocellulose) 
techniques can be used. 

The term "test sample", as used herein, includes a 
naturally occurring or artificially formed liquid test medi- 
um suspected of containing the analyte of interest. In 
diagnosticassays, the lest sample is generally a biolog- 
ical fluid or a dilution thereof. Biological fluids from which 
an analyte can be determined include serum, whole 



blood, plasma, urine, saliva, amniotic and cerebrospinal 
fluids, and the like. The reagents and methods of the 
present invention can also be designed to determine 
food product and environmental analytes of interest. 

5 The term "coupling agent", as used herein, includes 
bifunctional crosstinking or coupling agents, i.e., mole- 
cules containing two reactive groups or "ends^ which 
may be tethered by a spacer. The reactive ends can be 
any of a variety of functionalities including, but not lim- 

to ited to. amino reacting ends such as n-hydroxysuccin- 
imide (NHS) active esters, imidoesters, aldehydes, 
- epoxides, sulfonyl halides. isocyanate, isothiocyanate, 
and nitroaryt halides; and thiol reacting ends such as 
pyridyl disulfides, maleimldes,thiophthalimtdes, and ac- 

1B tive halogens. The heterobifunctional crosslinking rea- 
gents have two different reactive ends, e.g., an amino- 
reactive end and a carboxyl-reactive end, while homob- 
ifunctional reagents have two similar reactive ends. 
Commercially available heterobifunctional rea-, 

20 gents for use in the present invention include, but are 
not limited to, the maleimido-NHS active esters coupling 
agents such as /D-mateimidobenzoyl-N-hydroxy-suc- 
cinimide ester (MBS); succinimidyl 4-(N-maleimidome- 
lhyl)cyclohexane-1-carboxylate (SMCC); succinimidyl 

25 4-(p maleimidophenyl)butyrate (SMPB) and derivatives 
thereof, including sulfosuccinimidyl derivatives such as 
sulfosuccinimidyl-4-(N-maleimido-methyl) cyclohex- 
ane-1-carboxy!ate (sulfo-SMCC); m-maleimidoben- 
zoyl-sultosuccinimide ester (sulfo-MBS) and sulfosuc- 

30 cinimidyi 4-(p-maleimidophenyl)butyrate (sulfo-SMPB). 
Other heterobifunctional reagents include the com- 
mercially available active halogen-NHS active esters 
coupling agents such as N-succinimidyl bromoacetate 
and N-succinimidyl {4-iodoacetyl)aminobenzoate (Sl- 

3S AB) and the sulfosuccinimidyl derivatives such as sul- 
fosuccinimidyl (4-iodoacetyl)aminobenzoate (sulfo-Sl- 
AB). 

Yet another group of coupling agents includes the 
extended length heterobifunctional coupling agents de- 
40 scribed in Application EP-A-314,127. The extended 
length heterobifunctional coupling agents include male- 
imido-NHS active ester reagents wherein the spacer is 
represented by the formula: 

45 

o 

- (Xn) - C - R - 

50 

wherein the X is a substituted or unsubstituted amino 
acid, having from three to ten carbon atoms in a straight 
chain; n is from one to ten; and R is an alkyl, cycloalkyi, 
alkyl-cycloalkyi or an aromatic carboxylic ring. The term 
55 alkyl-cycloalkyi includes alkyl groups linked to cycloalkyi 
ring structures where the alkyl group links the cycloalkyi 
to a maleimide or carbonyl group. The term alkyl in- 
cludes straight or branched alkyl groups, preferably low- 
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er alkyi groups having from one to six carbon atoms. 

It a spacer is present to tether the two reactive 
groups of the coupling agent, the spacer can be any mo- 
lecular chain that is non-reactive, stable and non-bind- 
ing to the analyte or other specific binding members with 
which it will be used. The length of the spacer can be 
varied and can range from the size ol a single atom to 
the sizes disclosed in EP-A-314,127 or larger. 

The choice of a coupling agent depends upon the 
acceptable performance of that particular agent with the 
particular solid phase and specific binding member to 
be used in the diagnostic assay. Therefore, it will be ap- 
preciated by those skilled in the art that the coupling 
agent used in.a given assay will generally be determined 
empirically. In addition, the specific binding member will 
include one or more amino, carboxyl or thiol groups or 
can be derivatized by the incorporation of an amino, car- 
boxyl or thiol group thereby enabling the reaction of the 
specific binding member with a coupling agent. "Activat- 
ed species" refer to specific binding members and solid 
phase materials which contain a reactive group through 
the incorporation of a coupling agent, for example, the 
activation of a protein with sulfo-MBS. Proteinaceous 
specific binding members with cysteine residues at the 
protein's active site can have their activity decreased by 
the addition of a coupling agent, therefore the cysteine 
residues in the active site must be protected, by means 
known in the art, prior to reacting the protein with the 
coupling agent. 

Preparation of activated or derivatized solid phases and 
immobilized specific binding members 

The general methodology of the present invention 
involves the modification of a solid phase by the intro- 
duction of thiol groups. A specific binding member, e.g., 
a protein antigen, is also modified to contain thiol-reac- 
tive functional moieties such as maleimides or active 
halogens. 

Two methods by which a specific binding member 
bearing an amino group can be modified to contain a 
thiol-reactive functional group aire diagrammatically it- 
lustrated in Figures 1 and 2. In particular. Figure 1 illus- 
trates the activation of a protein specific binding member 
through the use of a malelmido-NHS active ester heter- 
obifunctional reagent to incorporate a thiol-reactive 
group on the protein. The R in the coupling agent rep- 
resents alkyL cycloalkyi, alkyl-cycloalkyl or an aromatic 
carboxylic ring as described above. The Z in the cou- 
pling agent typically represents a hydrogen atom, or op- 
tionally represents an inert polar group such as SO3 
which imparts the characteristic of water solubility upon 
the coupling agent. 

Referring to Figure 2. the specific binding member 
is reacted with an active halogen-NHS active ester het- 
erobifunctional reagent, wherein R and Z are defined as 
described above. 

Figure 3 represents the reaction of an aminated sol- 



id phase with an active halogen-NHS active ester het- 
erobifunctional reagent, wherein R and Z are defined as 
described above and I is a sample halogen. The result- 
■ ant solid phase/coupling agent complex is then activat- 

5 ed by reacting the complex with a thiol introducing 
agent, e.g., a dithiol compound represented by HS-X- 
SH, to produce a thiolated solid phase. As with the prep- 
aration of the specific binding member/coupling agent 
complex in Fig. 1 , a thiolated solid phase/coupling agent 

10 complex can also be prepared through the use of a 
maleimido-NHS active ester heterobifunctional reagent. 

Both the solid phase and the specific binding mem- 
ber can be modified to include a coupling agent, the cou- 
pling agents providing the required amino, thiol or car- 

fS boxyl groups. One of the modified components, such as 
the solid phase/coupling agent complex, is then treated 
with a dithiol compound to introduce sulfhydryl groups 
to the component thereby forming a thiolated solid 
phase/coupling agent complex. Finally, the specific 

20 binding member/coupling agent complex is added to the 
thiolated solid phase/coupling agent complex to form a 
Crosslin ked product. 

An example of the sulfhydryl linkage of a specific 
binding member/coupling agent complex and a solid 

2S phase/coupling agent complex is diagrammatically illus- 
trated in Figure 4. An aminated microparticle is repre- 
sented in the upper left portion of the illustration. The 
solid phase microparticles include commercially availa- 
ble latex microparticles bearing amino groups, as well 

30 as microparticles which have been modified or activated 
to contain amino groups. The microparticles are mixed 
with a heterobifunctional coupling agent, e.g., sulfo- 
MBS. to produce a microparticle/coupling agent com- 
plex. The microparticle/coupling agent complex is then 

35 reacted with a dithiol compound, e.g., dithiothreitol 
(DTT), to produce a thiolated microparticle/coupling 
agent complex. An aminated protein, such as an amine 
group bearing antigen, is represented in the upper (eft 
portion of the illustration. The protein is also linked to a 

40 heterobifunctional coupling agent to produce a protein/ 
coupling agent complex. Lastly, the thiolated micropar- 
ticle/coupling agent complex and the protein/coupling 
agent complex are reacted to produce a dithloether 
crosslinked microparticle and protein, i.e., an immobi- 

45 lized specific binding member. 

EXAMPLES 

The following examples describe methods for syn- 
50 thesizing the novel activated solid phase products (i.e., 
the thiolated solid phase/coupling agent complex) and 
the immobilized specific binding member products of 
present invention. 

55 
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I Protein Immobilization Through Dilhioether 
Linkages 

Example 1 

Preparation o\ Recombinant HlV-1 gp-41 Derh/atized 
MIcroparticles 

a) Preparation o1 Thiolated Microparticies 

A 3-0 ml suspension of amino-microparticles (3^ di- 
ameter, 2.5%solids.Polysciences, Inc., Warrington, PA) 
was placed into a 15 ml polypropylene centrifuge tube 
and centrifuged at 3000 rpm for 10 minutes. The super- 
natant was decanted and discarded. The microparticle 
pellet was resuspended in 3.0 ml of 10 mM phosphate 
bullered saline, pH 7.2 (PBS) by vortexing until the sus- 
pension was homogeneous. A 0.3 ml solution of N- 
maleimidobenzoyl-N-hydroxysulfo-succinimide ester 
(sutfo-MBS, Pierce Chemical Co., Rockford, IL), 10 mg 
per ml PBS, was added to the microparticle suspension, 
and the mixture was allowed to react for 1 hour; at room 
temperature (20-25°C) with end-over-end rotation. The 
mixture was centrifuged. and the supernatant was de- 
canted and discarded. The maleimido-microparticle pel- 
let was washed by resuspension in 10 mi of PBS with 
vortexing. centriluging, and then decanting the super- 
natant. The washing process was performed three 
times. The microparticle pellet was then resuspended 
in a 1 0 ml solution of 0. 1 M dithiothreilol In PBS. The mi- 
croparticle suspension was mixed at room temperature 
by end-over-end rotation for 1 hour. The suspension 
was centrifuged, and the supematant was decanted and 
discarded. The thiolated microparticies were resus- 
pended in a 10 ml solution of 0.1% (vA/) of Tween® -20 
in PBS. by vortexing, to achieve a homogeneous sus- 
pension. The mixture was then centrifuged, and the su- 
pernatant was discarded. The resuspension in 0.1% 
Tween® -20/PBS, centritugation, and supernatant de- 
canting steps were repeated for three additional cycles. 
Thethiolated microparticle pellet was then resuspended 
with PBS to a final volume of 3.0 ml. The thiolated mi- 
croparticies reacted optimally when used within 3 hours 
of removing the dithiothrertol. 

b) Activation of Recombinant HIV-1 qp41 with sulfo- 
MBS 

A 1.2 ml solution of 0.3 mg protein in 1 .8% sodium 
dodecyl sulfate (SDS)/PBS (w/v) was placed in a reac- 
tion vessel. The protein specific binding member was 
an HIV antigen. Exemplary HIV proteins include the re- 
combinant protein constructs such as p24 and gp41 se- 
quences known in the art. A 1.0 ml solution of 30% 
Tween® -20 in PBS (v/v) was added, and the solution 
mixed, followed by the addition of 20 pg sulfo-MBS in 
0.8 ml PBS to produce a specific binding member/cou- 
pling agent complex. The solution was again mixed and 



allowed to set at room temperature tor 1 hour. 

c^ Covalent Linking of Maleimidobenzovl Activated HI V- 
1 qp41 to Thiolated Microparticies 

5 

The activated protein (3.0 ml from Example 1. b) 
was combined with the suspension of thiolated micro- 
particles (3.0 ml from Example 1. a). The mixture was 
allowed to react at room temperature overnight (14 to 

10 18 hours) while rotating end-over-end. The protein coat- 
ed microparticle suspension was centrifuged, as de- 
scribed in Example 1. a, and the supernatant was de- 
canted and discarded. The pellet was resuspended in 
10 ml of 10 mM 2-mercaptoethanol by vortexing, and 

IS the mixture was then rotated end-over-end for 1 hour. 
The suspension was centrifuged and the supernatant 
discarded. The microparticle pellet was washed by 4 cy- 
cles of resuspension in 10 . ml of 0.1% Tween® -20 in 
PBS (v/v), centritugation, and then decanting the super- 

20 natant. The particles were then resuspended in PBS 
with 0. 1% sodium azide (w/v) to 10 ml of a 0.75% solids 
suspension. The immobilized specific binding member 
preparation was stored at 4 to S^C. 

25 Example 2 

Preparation of Recombinant HIV-1 p24 Coated 
Microparticies 

30 a) Activation of Recombinant HlV-1 p24 with sulfo-MBS 

A solution of 375 \ig p24 in 0.5 ml of 0.57o SDS/PBS 
(wA^) was heated at 45*" C for 20-30 minutes. After heat- 
ing, additions of 0.5 ml of 30% Tween® -20 in PBS (v/ 
35 V) and 0.5 ml of PBS containing 60 ^ig sutfo-MBS were 
made to the protein solution. The reaction mixture was 
vortexed and set at room temperature for 1 hour to pro- 
duce the specific binding member/coupling agent com- 
plex. 

40 

b) Covalent Coupling of Derivatized p24 to Thiolated 
Microparticies 

A suspension of 3.0 ml of thblated microparticies 
45 (as described in Example 1. a) was centrifuged and the 
supernatant discarded. The pellet was resuspended in 
the activated p24 solution with vortexing, and was mixed 
by end-over-end rotation at 20-25*'C for 14-18 hours. 
The suspension was then centrifuged, and the superna- 
50 tant discarded: The p24 coated microparticle pellet was 
resuspended in 10 ml of 10 mM 2-mercaptoethanol and 
mixed by end-over-end rotation at 20-25'*C for 1 hour. 
The suspension was again centrifuged and the super- 
natant discarded The pellet was then washed with 4 cy- 
55 cles of resuspension in 10 ml of 0.1% Tween® -20 in 
PBS (v/v), centrifugation, and discarding the supema- 
tant. The pellet was resuspended in PBS containing 
0.1% sodium azide (w/v) to a volume of 10 ml, and the 
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immobilized specific binding member was stored at 

4-8'^C. 

Example 3 

Preparation of Recombinant HIV Protein-Coated 
Microparticles tJsing Urea Activation of the Protein 

a) Activation of Recombinant HIV Protein with sulfo- 
MBS 

A solution of 600 of HIV protein in 55 ^1 of 8M 
urea was placed in an appropriate vessel. To this, 40 ^ig 
of sulfo-MBS in 40 ^il of 8M urea were added. The so- 
lution was thoroughly mixed and set at room tempera- 
lure for 1 hour. 

Covalent Coupling of Recombinant HIV Protein to 
Thiolated Microparticles 

Activated protein, from Example 3. a, was added to 
a 3.0 ml suspension of thiolated microparticles from Ex- 
ample 1 . a. The suspension was incubated at 20-25''C 
for 14-18 hours with end-over-end rotation. The protein 
coated microparticles were then centrifuged, treated 
with 2-mercaptoethanol, washed, resuspended, and 
stored substantially in accordance with the procedure 
described in Example 1 . c. 

tl. Protein Immobilization Through Dithioelher 
Linkages Using Alternate Heterobitunclional 
Reagents in Microparticle Thiolation 

Example 4 

Preparation of Recombinant HlV-1 gp41 Derivatized 
Microparticles Using sulfo-SMCC in Microparticle 
Thiolation 

The immobilized specific binding member was 
made substantially in accordance with the protocol de- 
scribed in Example 1 using sulfo-SMCC coupling agent 
(Pierce) instead of sulfo-MBS in the preparation of the 
thiolated microparticles. 

Example 5 

Preparation of Recombinant HtV-1 gp41 Derivatized 
Microparticles Using.su If o-SlAB in Microparticle 
Thiolation 

The immobilized specific binding member was 
made substantially in accordance with the protocol de- 
scribed in Example 1 using sulfo-SlAB (Pierce) instead 
of sullo-MBS in the preparation of thiolated micro parti- 
cles. 



Example 6 

Preparation of Recombinant HIV-1 gp41 Derivatized 
Microparticles Using SlAB in Microparticle Thiolation 

5 

A 3.0 ml suspension of amino-microparticles was 
centrifuged at 3000 rpm for 1 0 minutes. The supernatant 
was removed and discarded. The pellet was resuspend- 
ed in aOmlof a 1:1 mixture of PBS and dimethylsulfox- 

10 ide (DMSO) by vortexing. A 0.3 ml solution containing 
3.0 mg SlAB (Pierce) in DMSO was added to the sus- 
pensbn which was then mixed by end-over- end rotation 
at 20-25**C for one hour The suspension was centri- 
fuged and the supernatant discarded. The iodoacetyt 

IS microparticles were washed using 3 cycles of resuspen- 
sion in 10 ml of PBS, centrifugation, and removal of the 
supernatant. The pellet was then resuspended in a 10 
ml solution of 0.1 M dithiothreitol in PBS. The suspen- 
sion was mixed for one hour at 20-25°C, then centri- 

20 fuged and the supernatant discarded. The thiolated mi- 
croparticles were washed as described above using 4 
cycles with 10 ml of 0.1% Tween® -20 in PBS (v/v) in 
each cycle. The particles were then resuspended in 10 
ml of PBS. The preparation ot the protein/coupling agent 

25 complex and its crosslinking to the thiolated microparti- 
cles were repeated substantially in accordance with the 
procedures of Example 1. b and c. 

Example 7 

30 

Preparation of Recombinant HlV-1 gp41 Derivatized 
Microparticles Using SMCC in Microparticle Thiolation 

The imrTKDbilized specific binding member was 
35 made substantially in accordance with the protocol de- 
scribed in Example 6 using SMCC (Pierce) instead of 
SlAB in the preparation of thiolated microparticles. 

Example 8 

40 

Preparation ot Recombinant HlV-1 gp41 Derivatized 
Microparticles Using a 16 Atom Heterobifunctional 
Linker Group in Microparticle Thiolation 

45 The immobilized specific binding member was 
made substantially in accordance with the protocol de- 
scribed in Example 6 using the 16 atom maleimido-n- 
hydroxysuccinimidyl active ester compound described 
in EP-A-314.127 instead ot SlAB. 

50 

Example 9 

Preparation of Recombinant HIV-1 gp41 Derivatized 
Microparticles Using a 23 Atom Heterobifunctional 
55 Linker Group in Microparticle Thiolation 

The immobilized specific binding member was 
made substantially in accordance with the protocol de- 



o 
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scribed in Example 6 using the 23 atom ma!eimido-n- 
hydroxysuccinimidyl active ester cornpound described 
in EP-A-314,127 instead of SIAB. 

Example 10 

Preparation ot Recombinant HIV-1 gp41 Derivalized 
Microparticles Using a 30 Atom Heterobrtunctional 
Linker Group in Microparticle Thiolation 

The immobilized specific binding member was 
made substantially in accordance with the protocol de- 
scribed in Example 6 using the 30 atom mateimido-n- 
hydroxysuccinimidyl active ester compound described 
in EP-A-314,127 instead of SIAB. 

III. Protein Immobilization Through Dithioether 
Linkages Using Alternate Heterobifunctiohal 
Reagents in Protein Activatiop 

Example 11 

Preparation of Recombinant HIV-1 gp41 Derivatized 
Microparticles Using sulfo-SMCC Activated gp41 

The immobilized specific binding member was 
made substantially in accordance with the protocol ol 
Example 1 using sullo-SMCC instead ot sullo-MBS in 
the activation of recombinant gp41 described in Exam- 
ple 1- b. 

Example 12 

Preparation of Recombinant HIV-1 gp41 Derivatized 
Microparticles Using sulto-SlAB Activated gp4l 

The immobilized specific binding member was 
made substantially in accordance with the protocol ot 
Example 1 using sulfo-SlAB instead of sulfo-MBS in the 
activation of recombinant gp41 described in Example 1 . 
b. 

Example 13 

Preparation of Recombinant HIV-1 gp41 Derivatized 
Microparticles Using SMCC Activated gp41 

A 1.0 ml solution of 0.3 mg protein in PBS was 
mixed with 2.0 ml of DMSO containing 20 \ig of SMCC. 
The solution was mixed and set at 20-25''C for 1 hour 
to produce the specific binding member/coupling agent 
complex. The preparation of Ihiolated microparticles 
and the protein-to-microparticle coupling procedures 
were repeated as described in Example 1 a and c, re- 
spectively. 



Example 14 

Preparation of Recombinant HIV-1 gp41 Derivatized 
Microparticles Using SIAB Activated gp41 

5 

The immobilized specific binding member was 
made substantially in accordance with the protocol de- 
scribed in Example 13 using SIAB instead of SMCC in 
the derivatization of recombinant gp41. 

10 

Example 15 

Preparation of Recombinant HlV-1 gp41 Derivatized 
Microparticles Using a 30 Atom Heterobilunctional 
IS Linker Modified gp41 

The immobilized specific binding member was 
made substantially in accordance with the protocol de- 
scribed in Example 13 using the 30 atom ma!eimido-n- 
20 hydroxysuccinimidyl active ester compound, described 
in EP-A-314,127 instead ol SMCC in the activation of 
recombinant gp41. 

It will be appreciated by one skilled in the art that 
the concepts ot the present invention are equally appli- 
es cable to the crosslinking ot many specific binding mem- 
bers, solid phase materials and coupling agents other 
than those exemplified above. The embodiments de- 
scribed herein are intended as examples rather than as 
limitations. Thus, the description of the invention is not 
30 intended to limit the invention to the particular embodi- 
ments described in detail, but it is intended to encom- 
pass all equivalents and subject matter within the scope 
of the invention as set forth in the following claims. 

35 

Claims 

1 . A reactive solid phase, having an immobilized spe- 
cific binding member, comprising a compound of 
40 the formula: 

B-R-X-R*-M 

45 wherein B is a solid phase having a reactive 

member selected from the group consisting of 
amino, carboxyl and thiol groups; 
M is a specific binding member having an ami- 
no group; 

50 R and R' are coupling agents independently se- 

lected from the group consisting of heterobi- 
functional and homobifunctional reagents; and 
X is a dilhio compound linked to R through a 
thioether and to R' through a thioelher; wherein 

55 R is attached to B via the amino, carboxyl or 

thiol group of B, and R* is attached to M via the 
amino group of M. 
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2. A reactive solid phase having a reactive thiol, com- 
prising a compound ot the formula: 

B-R-XH 

wherein B is a solid phase having a reactive 

member selected from the group consisting of 

amino, carboxyl, and thiol groups; 

R is a coupling agent selected from the group 

consisting of heterobifunctional and homobi- 

functional reagents; and 

XH is a dithio compound linked to R wherein 

one thio function forms a thioether with R and 

the other thio function is the reactive thiol. 

3. The reactive solid phase according to Claim 1 or 2, 
wherein said solid phase is selected from the group 
consisting of polymeric beads, microparticles, 
tubes, sheets, plates, slides, wells and tapes. 

4. The reactive solid phase member according to 
Claim ^, wherein R and R' are heterobifunctional 
coupling agents, both ot which are the same. 

5. The immobilized specific binding member accord- 
ing to Claim 1. wherein said specific binding mem- 
ber is one member of an immunoreactive specific 
binding pair. 

6. The reactive solid phase member according to 
Claim 1 or 2, further comprising a support medium. 

7. The immobilized specific binding member accord- 
ing to Claim 1, wherein said solid phase is a poly- 
meric microparticie and wherein said specific bind- 
ing member Is an antigen. 

8. The immobilized specific binding member accord- 
ing to Claim 7, wherein said solid phase Is an amino 
microparticie and wherein said specific binding 
member is an HIV antigen. 

9. The immobilized specific binding member accord- 
ing to Claim 1,. wherein said specific binding mem- 
ber Is selected from the group consisting of a poly- 
nucleotide and a polypeptide. 

10. The reactive solid phase member according to 
Claim 1 or 2, wherein said coupling agenl(s) are in- 
dependently selected from the group consisting of 
maleimido-N-hydroxysucctnimide active esters and 
active halogen- N-hydroxysuccinimide active es- 
ters. 

11. The reactive solid phase according to Claim 10, 
wherein at least one coupling agent is a maleimido- 
N-hydroxysuccinimide ester selected from the 



group consisting of m-maleimldobenzoyl-N-hy- 
droxy-succinimide ester; succinimidyl 4-(N-maleim- 
idomethyl)cyclohexane-1 -carboxylate; succinimi- 
dyl 4-(p-maleimidophenyl)butyrate; m-maleimido- 
5 benzoyl-sulfosuccinimide ester; and sulfosuccinim- 
idyl 4-(p-maleimidophenyl)butyrate. 

12. The reactive solid phase according to Claim 10, 
wherein at least one coupling agent is a maleimido- 

10 N-hydroxysuccinimide active ester having a spacer 
represented by the formula: 

-(X„)-C(=0)-R- 

15 

wherein X is a substituted or unsubstituted ami- 
no acid having from three to ten carbon atoms 
in a straight chain; 
n is from one to ten; and 
20 R is an all^yt, cycloalkyl, alkyl-cycloalkyi or an 

aromatic carboxylic ring. 

13. The immobilized specific binding member accord- 
ing to Claim 10, wherein at least one coupling agent 

25 is an active halogen-N-hydroxysuccinimide active 
ester selected from the group consisting of N-suc- 
cinimidyl bromoacetate, N-succinimidyl (4-io- 
doacetyl)aminobenzoate and sullosuccinimidyl 
(4-iodoacelyl)aminobenzoate. 

30 

14. A method for producing an immobilized specific 
binding member, comprising the steps of: 

a. reacting a solid phase, having a reactive 

35 member selected from the group consisting of 

amino, carboxyl and thiol groups, with a first 
coupling agent selected from the group consist- 
ing of heterobifunctional and homobifunctional 
reagents having a first function reactive with the 

40 reactive member of said solid phase and a sec- 

ond function reactive with a thiol, thereby form- 
ing a solid phase/coupling agent complex by re- 
action between said reactive member and first 
function of the first coupling agent; 

45 b. reacting a specific binding member having 

an amino group with a second coupling agent 
having a first function reactive with said amino 
group and a second function reactive with a thi- 
ol, thereby forming a specific binding member/ 

50 coupling agent complex by reaction between 

said amino group and first function of the sec- 
ond coupling agent; and 
c. reacting said solid phase/coupling agent 
complex and said specific binding member/ 

55 coupling agent complex with a dithlol com- 

pound thereby forming a solid phase/specific 
binding member complex wherein the solid 
phase and the specific binding member. are 
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coupJed together through two thioethers. 

15. A method for producing a thiolated solid phase, 
comprising the steps of: 

a. reacting a solid phase, having a reactive 
member selected from the group consisting of 
amino, carboxyl and thiol groups, with a cou- 
pling agent selected from the group consisting 
of heterobifunctional and homobifunctional re- 
agents, thereby forming a solid phase/coupling 
agent complex; and 

b. reacting said solid phase/coupling agent 
complex with a dithiol compound wherein one 
thiol group links said dithiol compound to said 
solid phase/coupling agent complex through a 
thioether and the other thiol group Is the reac- 
tive thiol. 

16. The method of Claim 14 or*15, wherein said solid 
phase is selected from the group consisting of pol- 
ymeric beads, microparticles, tubes, sheets, plates, 
slides, wells and tapes. 

17. The method according to Claim 14 or 15, wherein 
said coupling agent(s) are heterobifunctional rea- 
gents. 

18. The method according to Claim 14, further compris- 
ing incorporating said crosslinked solid phase/spe- 
cific binding member complex upon or within a sup- 
port medium. 

19. The method according to Claim 14, wherein said 
specific binding member is one member of an im- 
munoreactive specific binding pair. 

20. The method according to Claim 19, wherein said 
solid phase Is a polymeric microparticle and where- 
in said specitic binding member Is an antigen. 

21. The method according to Claim 20. wherein said 
solid phase is an amino microparticle and wherein 
said specific binding member is an HIV antigen. 

22. The method according to Claim 14, wherein said 
specific binding member Is selected from the group 
consisting of a polynucleotide and a polypeptide. 

23. The method according to Claim 14, wherein said 
solid phase/coupling agent complex is reacted with 
the dithiol compound, to form a thiolated solid 
phase/coupling agent complex, and then the spe- 
cific binding member/coupling agent complex is re- 
acted with said thiolated solid phase/coupling agent 
complex. 

24. The method according to Claim 14, wherein said 



specific binding member/coupling agent complex Is 
reacted with the dithiol compound to form a thiolat- 
ed specific binding member/coupling agent com- 
plex and then the solid phase/coupling agent com- 
5 plex is reacted with said thiolated specific binding 
member/coupling agent complex. 

25. The method according to Claim 14 or 15, wherein 
said coupling agent(s) are independently selected 

10 from the group consisting of maleimido-N-hydroxy- 
succlnimide active esters and active halogen-fvl-hy- 
droxysucclnimide active esters. 

26. The method according to Claim 25, wherein at least 
15 one coupling agent is a maleimldo-N-hydroxysuc- 

cinlmide ester selected from the group consisting of 
m-maleimldobenzoyl-N-hydroxy-succinimide es- 
ter; succinimidyl 4-(N-maleimidomethyl)cyclohex- 
ane-1-carboxylate; succinimidyl 4-(p-maleimido- 
20 phenyl)butyrate; m-maleimldobenzoyl-sulfosuccin- 
imide ester; and sulfosuccinimidyl 4-(p-maleimido- 
phenyl)butyrate. 

27. The method according to Claim 25, wherein at least 
25 one coupling agent is a maleimido-N-hydroxysuc- 

cinimide active ester having a spacer represented 
by the formula: 

.(XJ.C(=0)-R. 

wherein X is a substituted or unsubstituted ami- 
no acid having from three to ten carbon atoms 
in a straight chain; 
35 n is from one to ten; and 

R is an alkyi, cycloalkyi, alkyl-cycloalkyi or an 
aromatic carboxylic ring. 

28. The method according to Claim 25, wherein at least 
40 one coupling agent is an active halogen-N-hydrox- 

ysuccintmlde active ester selected from the group 
consisting of N-succinimidyl bromoacetate, N-suc- 
cinlmidyl (4-iodoacetyl)aminobenzoate and sulfo- 
succinimidyl (4-iodoacety!)aminoben2oate. 

45 

Patentanspruche 

1. Reaktive Festphase, die ein immobilislertes spezl- 
50 fisch bindendes Glied aufweisl, umfassend eine 
Verbindung nach folgender Formel: 

B-R-X-R*-M 

55 

wobei B eine teste Phase ist, die ein reaktives 
Glied aufweisl, das aus der Gruppe gewahit ist, 
die aus Amino-, Carboxyl- und Thiolgruppen 
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besteht; 

worin M ein spezifisch bindendes Glied ist, das 
eine Aminogruppe aufweisl; 
worin R und R' Kupplungsagenzien sind, die 
unabhangig aus der Gruppe gewahit sind. die 
aus heterobifunktionellen und homobifunktlo- 
nellen Reagenzien besteht; und 
worin X eine Dithioverbindung ist. die an R Ober 
einen Thioether und an R' Ober einen Thioether 
gebunden ist; und worin R an B Ober die Ami- 
no-, Carboxyl- oder Thiolgruppe von B gebun- 
den ist, und worin R' an M Ober die Aminogrup- 
pe von M gebunden ist. 

2. Reaktive Festphase. die ein reaktives Thiol auf- 
weist, umfassend eine Verbindung nach folgender 
Formel: 



B-R-XH 

worin B eine teste Phase ist, die ein reaktives 
Glied autweist, das aus der Gruppe gewahit ist, 
die aus Amino-, Carboxyl- und Thiolgruppen 
besteht; 

worin R ein Kupptungsagenz ist, das aus der 
Gruppe gewahit ist= die aus heterobilunktioneir 
len und homobitunktionellen Reagenzien be- 
steht; und 

worin XH eine Dilhioverbindung ist, die an R ge- 
bunden ist, worin eine Thiofunktion einen 
Thioether mil R ausbildet und worin die andere 
Thioiunktion das reaktve Thiol ist. 



Anspruch 7, worin die teste Phase eine Aminomi- 
kropartikel ist, und worin das spezifisch bindende 
Glied ein HIV-Antigen ist. 

5 9. Immobilisiertes spezifisch bindendes Glied nach 
Anspruch 1, wobei das spezifisch bindende Glied 
aus der Gruppe gewahit ist, die aus elnem Polynu- 
kleotid und einem Polypeptid besteht. 

10 10. Reaktives Festphasenglied nach Anspruch 1 oder 
2, worin das/die Kupplungsagenz/ien unabhangig 
aus der Gruppe gewahit ist/sind, die aus Maleimido- . 
N-hydroxysuccinimid-Aktivestern und aus akliven 
Halogen-N-hydroxysuccinimid-Aktivestern be- 

15 steht. 

11. Reaktive Festphase nach Anspruch 10, worin we- 
nigstens ein Kupplungsagenz ein Maleimido-N-hy- 
droxysuccinimidester ist. der aus der Gruppe ge- 

20 wahit ist. die aus m-Maleimidobenzoyl-N-hydroxy- 
succinimidester, Succ!nimidyl-4-(N-maleimidome- 
thyl)-cyclohexan-1 -carboxy lat, Succinimidyl-4-(p- 
maleimidophenyI)-butyral, frvMaleimidobenzoyl- 
sullosuccinimidesler und aus Sullosuccinimidyl-4- 

25 (p-maleimidophenyl)bulyrat gewahit ist. 

12. Reaktive Festphase nach Anspruch 10, worin we- 
nigstens ein Kupplungsagenz ein Maleimido-N-hy- 
droxysuccinimid-Aktivester ist, der einen Spacer 

30 autweist, der durch folgende Formel dargestellt 
wird; 



3. Reaktive Festphase nach Anspruch 1 oder 2, worin 35 
die teste Phase aus der Gruppe gewahit ist, die aus 
polymeren Perlen, Mikroparikein, Rohrchen, Bo- 
gen. Platten, Objekttragern, Vertiefungen und Ban- 
dern gewahit ist. 

40 

4. Reaktives Festphasenglied nach Anspruch 1 , worin 
R und R' heterobifunktionelle Kupplungsagenzien 
sind, die beide gleich sind. 

5. Immobilisiertes spezifisch bindendes Glied nach ^5 
Anspruch 1 . worin das spezifisch bindende Glied 

ein Glied eines immunreaktiven spezifischen Bin- 
dungspaares ist. . 

6. Reaktives Festphasenglied nach Anspruch 1 oder 50 
2, das des weiteren ein Tragermedium umfaf^t. 

7. Immobilisiertes spezifisch bindendes Glied nach 
Anspruch 1. worin die teste Phase eine polymere 
Mikropartikel ist, und worin das spezifisch bindende 55 
Glied ein Antigen ist. 

8. Immobilisiertes spezifisch bindendes Glied nach 



-(XJ-C(=0)-R- 

worin X eine substituierte oder unsubstituierte 

Aminosaure mil drei bis zehn Kohlenstoffato- 

men in gerader Kette ist; 

worin n von eins bis zehn lauft; und 

worin R gleich AlkyI, GycloalkyI, AlkylcycloalkyI 

Oder ein aromatischer carboxylischer Ring ist. 

13. Immobilisiertes spezifisch bindendes Glied nach 
Anspruch 10. worin wenigstens ein Kupplungs- 
agens ein aktiver Halogen-N-hydroxysuccinimid- 
Aktivester ist, der aus der Gruppe gewahtt ist, die 
aus lolgendem besteht: N-Succinimidylbromacetat. 
N-succinimidyI-(4-jodacetyl) aminobenzoat und 

^ Sulfosuccinimidyl-(4-iodacetyl)aminobenzoat. 

14. Verlahren zur Herstellung eines immobilisierlen 
spezifisch bindendenden Gliedes, das folgende 
Schritte umfaRt: 

a. Umsetzung einer festen Phase, die ein reak- 
tives Glied autweist, das aus der Gruppe ge- 
wahit ist, die aus Amino-, Carboxyl- und Thi- 
olgruppen besteht, mit einem ersten Kupp- 
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lungsagens, das aus der Gruppe gewahtt isl, 
die aus heterobitunklionellen und homobifunk- 
tionellen Reagenzien bestehl, wobet das erste 
Kupplungsagenz eine erste Funktion aufwei- 
set, die gegenuber dem reaktiven Glied der le- 
sten Phase reaktiv ist, und eine zweite Funkti- 
on, die gegenuber einem Thiol reaktiv ist, wobei 
ein teste Phase/Kupplungsagens-Komplex 
durch die Reaktion zwischen dem reakliven 
Glied und der ersten Funktion des ersten Kupp- 
lungsagenzes ausgebildet wird; 

b. Unnsetzen eines spezitisch bindenden Glie- 
des. das eine Aminogruppe aufweist, mil einem 
zweiten Kupplungsagenz, das eine erste Funk- 
tion aulweist, die gegenuber der Aminogruppe 
reaktiv ist, und eine zweite Funktion. die gegen- 
uber einem Thiol reaktiv ist, wodurch ein spe- 
zitisch bindendes Glied/Kupplungsagens- 
Komplex ausgebildet wird, durch die Reaktion 
zwischen der Aminogfuppe und der ersten 
Funktion des zweiten Kupplungsagenzes; und 

c. Umsetzen des teste Phase/Kupplungs- 
agens-Kompiexes und des spezitisch binden- 
des Glied/Kuppiungsagens-Komplexes mit et~ 
ner Dithioiverbindung, wobei ein teste Phase/ 
spezitisch bindendes Glied-Komplex ausgebil- 
det wird, in dem die teste Phase und das spe- 
zitisch bindende Glied uber zwei Thioether mil- 
einander gekuppelt stnd. 

15. Vertahren zur Herstellung einer thiolierten lesten 
Phase, das folgende Schritte umfaBt: 

a. Umsetzen einer festen Phase, die ein reak- 
tives Glied aulweist, das aus der Gruppe ge- 
wahlt ist, die aus Amino-, Carboxyl- und Thi- 
olgruppen besteht, mit einem Kupplungs- 
agens, das aus der Gruppe gewahit Ist, die aus 
heterobitunktionellen und homobitunktionellen 
Reagenzien besleht, wobei ein teste Phase/ 
Kupplungsagens-Komplex ausgebildet wird; 
und 

b. Umsetzen des teste Phase/Kupplungs- 
agens-Komplexes mit einer Dithioiverbindung, 
worin eine Thiolgruppe die Dithioiverbindung 
an den teste Phase/Kupplungsagens-Komplex 
uber einen Thioether bindet, und worin die an- 
dere Thiolgruppe das reaktive Thiol darsteltt. 

16. Vertahren nach Anspruch 14 oder 15. worin die te- 
ste Phase aus der Gruppe gewahit ist, die aus po- 
lymeren Perlen, Mikropartikein, Rohrchen, Bogen, 
Platten, Objekttragern, Vertielungen und Bandern 
besteht. 

1 7. Vertahren nach Anspruch 1 4 oder 1 5, worin das/die 
Kupplungsagenz/ien (ein) heterobifuktionelle/s 
Reagenz/ien ist/sind. 



1 8. Vertahren nach Anspruch 1 4, das des weiteren den 
Schritt des Einbaus des kreuzvernetzten teste Pha- 
se/spezifisch bindendes Glied-Komplexes aul ei- 
nem Oder innerhalb eines Tragermediums umfaBl. 

5 

19. Vertahren nach /Anspruch 14, worin das spezitisch 
bindende Glied ein Glied eines immunreaktiven 
spezifischen Bindungspaares ist. 

10 20. Vertahren nach /Vnspruch 1 9. worin die teste Phase 
eine polymere Mikropartikel ist, und worin das spe- 
zitisch bindende Glied ein Antigen ist. 

21. Vertahren nach Anspruch 20, worin die teste Phase 
IS eine Aminomikroparlikel ist. und worin das spezi- 
tisch bindende Glied ein HIV-/Vntigen ist. 

22. Verfahrennach Anspruch 14, worin das spezitisch • 
bindende Glied aus der Gruppe gewahit ist. die aus 

20 einem Polynukleotid und einem Polypeptid besteht. 

23. Vertahren nach Anspruch 1 4 worin der teste Phase/ 
Kupplungsagenz-Komplex mit der Dithioiverbin- 
dung unter Ausbildung eines thiolierten teste Pha- 

2S se/Kupptungsagens-Komplexes umgesetzt wird, 
und wobei dann der spezitisch bindendes Glied/ 
Kluppungsagens-Komptex mit dem thiolierten teste 
Phase/Kupplungsagens-Komplex umgesetzt wird. 

30 24. Vertahren nach Anspruch 14, worin der spezitisch 
bindendes Glied/Kupplungsagens-Komplex mit der 
Dithioiverbindung unter Ausbildung eines spezi- 
tisch bindendes Glied/Kupplungsagens-Komplex 
umgesetzt wird, und worin dann der teste Phase/ 

35 Kupplungsagens-Komplex mit dem thiolierten spe- 
zitisch bindendes Glied/Kupplungsagens-Komplex 
umgesetzt wird. 

25. Vertahren nach /Vnspruch 14 oder 15, worin das 
40 Kupplungsagenz/ien unabhangig aus der Gruppe 
gewahit ist/sind. die aus Maleimido-N-hydroxysuc- 
cinimid-Aktiveslern und aktiven Halogen-tvl-hydro- 
xysuccinimid-Aktivestern besteht. 

45 26. Vertahren nach /Vnspruch 25. worin wenigstens ein 
Kupplungsagens ein MaleimkJo-N-hydroxysuccini- 
midesler ist, der aus der Gruppe gewahit ist, die aus 
tolgendem besteht: m-Maleimidobenzoyl-N-hydro- 
xy-succinimidester; Succinimidyl-4-{N-maleimido- 

50 methyl)cycIohexan-1 -carboxylat; Succinimidyl-4- 
(p-maleimidophenyl)butyral; m-Maleimidobenzoyl- 
sulfosuccinimidester und Sultosuccinimidyl-4-(p- 
nriateimidophenyl)butyrat. 

55 27. Vertahren nach Anspruch 25, worin wenigstens ein 
Kupplungsagens ein Maleimido-N-hydroxysuccini- 
mid-Aktivester mit einem Spacer ist, der durch tol- 
gende Formel dargestellt wird: 
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-(X,)-C{=0)-R- 

worin X eine substituierte oder unsubstituierte 

Aminosaure mil drei bis zehn Kohlenstoffato- 

men in gerader Kette isl; 

worin n von eins bis zehn lauft; und 

worin R gleich AlkyI, Cycloalkyl, Alkyl-cycbal- 

kyi Oder ein aronnatischer carboxylischer Ring 

isl 

28. Verfahren gennaB Anspruch 25, worin wenigstens 
ein Kupplungsagens ein aktiver Halogen-N-hydro- 
xysuccinimd-Aktivester ist, der aus der Gruppe ge- 
wahll ist, die aus N-Succinimidylbromacetat, N- 
Succinimidyl-(4-jodacetyl)aminobenzoat und Sul- 
fDsuccinimidyi-{4-jodacetyl)aminobenzoat besteht. 



Revendications 

1. Phase solide reactive, connportant un membre im- 
mobilise d'une liaison specilique, comprenant un 
compose de formule ; 

B-R-X-R'-M 

dans laquetle B represente une phase solide 
comportant un membre reactit choisi dans 1' en- 
semble consistant en des groupes amino, car- 
boxyle et thiol ; 

M est un membre d'une liaison specifique com- 
portant un groupe amino ; 
R el R' sont des agents de couptage, choisis, 
independamment I'un de I'autre, dans ('ensem- 
ble consistant en des reaclits heterobilonclion- 
nels et des reactifs homobifonclionnels; el 
X esl un compose de type dilhio relie a R par 
I'intermediaire d'un thioether et relie a R' par 
I'intermediaire d'un Ihioelher, R elanl fixe sur B 
par I'intermediaire du groupe amino, carboxyle 
ou thiol de B et R' etant fixe sur M par I'inlerme- 
diaire du groupe amino de tJi. 

2. Phase solide reactive, ayant un thiol react if. com- 
prenant un compose de formule : 

B-R-XH 

dans laqueile B represente une phase solide 
comportant un membre reactif choisi dans I'en- 
semble consistant en des groupes amino, car- 
boxyle el thiol ; 

R est un agent de couplage, choisi dans Yen- 
semble consistant en des reactifs heterobifonc- 
tionnels et des reactifs homobifonclionnels ; et 



XH esl un compose de type dithio relie ^ R. 
Tune des fonclions thio formant un thioether 
avec R et I'autre f onclion thio conslituant le thiol 
reactif. 

5 

3. Phase solide reactive selon la revendicalion 1 ou 2, 
dans laqueile ladite phase solide est choisie dans 
I'ensemble consistant en des perles polymeres. des 
microparticules, des tubes, des feuilles, des pla- 

10 ques, des lames, des puits et des rubans. 

4. Membre rfune phase solide reactive selon la reven- 
dicalion 1, dans lequel R et R' repr6senlenl des 
agents helerobifonctionnels de couplage, qui sont 

15 les memes tous les deux. 

5. Membre immobilise d'une liaison specifique selon 
la revendicalion 1, dans lequel ledit membre de 
liaison specifique est un membre d'une paire capa- 

20 ble d'une liaison specifique par immunor^action. 

6. Membre reactif d'une phase solide selon la reven- 
dicalion 1 ou 2, comprenant en outre un milieu tor- 
mant support. 

25 

7. Membre immobilise d'une liaison specifique selon 
la revendicalion 1, dans lequel ladite phase solide 
est une microparticule polymere el ledit membre de 
liaison specifique esl un anligene. 

30 

a Membre immobilise d'une liaison specifique selon 
la revendicalion 7, dans lequel ladite phase solide 
esl une microparticule aminee et ledit membre de 
liaison specifique est un anligene de HIV. 

35 

9. Membre immobilise d'une liaison specifique selon 
la revendicalion 1, dans lequel ledit membre de 
liaison specifique est choisi dans I'ensemble con- 
sistant en un polynucleotide et un polypeptide. 

40 

1 0. Membre d'une phase sotide reactive selon la reven- 
dicalion 1 ou 2. dans lequel ledit ou lesdits agents 
de couplage sont choisis. independamment I'un de 
I'autre, dans I'ensemble consistant en des esters 

45 actifs de maleimido-N-hydroxysuccinimide el des 
esters actifs d'un halogeno(actif)-N-hydroxysucci- 
nimide. 

11. Phase solide reactive selon la revendicalion 10. 
50 dans laqueile au moins un agent de couplage esl 

un ester de mal6imido-N-hydroxysuccinimide choi- 
si dans I'ensemble consistant en Tester de m-ma- 
leimidobenzoyl-N-hydroxysuccinimide, le 4-(N-ma- 
Ieimidomethyl)cyclohexane-l-carboxylate de sue- 
55 cinimidyle, le 4-{p-maleimidophenyl)bulyrate de 
succinimidyle ; Tester de m-maleimtdobenzoyl-sul- 
fosuccinimide et le 4-{p-mateimidophenyl)bulyrale 
de sulfosuccinimidyle. 
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12. Phase solide reactive selon la revendication 10, 
" dans laquelle au moins un agent de couplage est 
un ester actil de maleimidoN-hydroxysuccinimide 
ayant un espaceur represenle par la lormute : 

5 

-(X„)-C(=0)-R- 

dans laquelle X represente un aminoacide, 
substttue ou non subslitue, comportant de 3 a io 
10 atomes de carbone en chaine lineaire ; 
n vaul 1 a 10 ; et 

R represente un groupe alkyle, cycloalkyle, aik- 
yt-cycloalkyle ou un noyau carboxylique arc- 
matique. 

13. Membre immobilise d'une liaison specifique selon 
la revendication 10, dans lequel au moins un agent 
de couplage est un ester actif d'halogeno(actif)-N- 
hydroxysuccintmide choisi dans I'ensembte consis- 20 
lant en le bromoacetate de N-succinimidyle, le 
(4-iodoacetyl)aminobenzoate de N-succinimidyle 

et le (4-iodoacetyl)aminobenzoate de sultosuccini- 
midyle. 

25 

14. Procede pour produire un membre immobilise 
d'une liaison specifique, comprenant les elapes 
consistant a : 

a. fatre reagir une phase solide, comportant un 30 
membre reactil choisi dans Tensemble consis- 
tant en des groupes amino, carboxyle et thiol, 
avec un premier agent de couplage choisi dans 
I'ensemble consistant en des reactifs heterobi- 
tonctionnets et des reactifs homobifonctionnels 35 
ayant un premier groupe tonctionnel pouvant 
reagir avec le membre reactif de ladite phase 
solide et un second groupe fonctionnel pouvant 
reagir avec un thiol, en formant ainsi un com- 
piexe phase solide/agent de couplage par reac- 
tion entre ledit membre reactif et le premier 
groupe fonctionnel du premier agent de 
couplage ; 

b. faire reagir un membre d'une liaison specifi- 
que, ayant un groupe amino, avec un second ^5 
agent de couplage comportant un premier 
groupe fonctionnel pouvant reagir avec ledit 
groupe amino et un second groupe fonctionnel 
pouvant reagir avec un thiol en formant ainsi 

un complexe membre tfune liaison specifique/ 
agent de couplage par reaction entre ledit grou- 
pe amino et le premier groupe fonctionnel du 
second agent de couplage ; et 
0. faire reagir ledit complexe phase solide/ 
agent de couplage et ledit complexe membre 55 
d'une liaison specitique/agent de couplage 
avec un dithioL en formant ainsi un complexe 
phase solide/membre d'une liaison specifique 



dans lequel la phase solide et le membre d'une 
liaison specifique sont couples ensemble par 
I'intermediaire de deux thioethers. 

15. Procede pour produire une phase solide thiolee. 
comprenant les etapes consistant a : 

a. faire reagir une phase solide, comportant un 
membre reactif choisi dans I'ensemble consis- 
tant en des groupes amino, carboxyle et thiol, 
avec un agent de couplage choisi dans I'en- 
semble consistant en des reactifs heterobifonc- 
tionnels et des reactifs homobifonctionnels, en 
formant ainsi un complexe phase solide/ agent 
de couplage ; et 

b. faire reagir ledit complexe phase solide/ 
agent de couplage avec un dithiol, reaction 
dans laquelle un groupe thiol relie le dithiol 
audit complexe phase sotide/agent de coupla- 
ge par I'intermediaire d'un thioether et I'autre 
groupe thiol est le thiol reactif. 

16. Procede selon la revendication 14 ou 15, dans le- 
quel ladite phase solide est chotsie dans i'ensemble 
consistant en des perles polymeres, des micro-par- 
ticules, des tubes, des feuilles. des plaques, des la- 
mes, des puits et des rubans. 

17. Procede selon la revendication 14 ou 15, dans le- 
quel ledit ou lesdils agents de couplage sont des 
reactits helerobifonclionnels. 

18. Procede selon la revendication 14, comprenant en 
outre I'incorporation dudit complexe phase solide/ 
membre d'une liaison specifique. reticule, sur ou 
dans un milieu formant support. 

1 9. Procede selon la revendication 1 4. dans lequel ledit 
membre d'une liaison specifique est un membre 
d'une paire de liaison specifique par immunoreac- 
tion. 

20. Procede selon la revendication 1 9, dans lequel la- 
dite phase solide est une microparticule polymere 
et ledit membre d'une liaison specifique est un an- 
tigene. 

21. Procede selon la revendication 20, dans lequel la- 
dite phase solide est une microparticule aminee el 
ledit membre d'une liaison specifique est un antige- 
ne de HIV. 

22. Procede selon la revendication 14, dans lequel ledit 
membre d'une liaison specifique est choisi dans 
I'ensembie consistant en un polynucleotide et un 
polypeptide. 

23. Procede selon la revendication 14, dans lequel ledit 
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complexe phase solide/agenl de couptage est mis 
en reaction avec le dithto! pour former un complexe 
thiole phase sotide/agent de couplage puis le com- 
plexe membre d'une liaison specifique/agenl de 
couplage est mis en reaction avec ledit complexe 5 
thiole phase solide/agent de couplage. 

24. . Procede selon la revendication 14, dans lequel ledit 
complexe membre d'une liaison specif ique/agent 
de couplage est mis en reaction avec le dilhiol pour 
former un complexe thiole membre d'une liaison 
specifique/agent de couplage, puis le complexe 
phase solide/agent de couplage est mis en reaction 
avec ledit complexe thiole membre d'une liaison 
specifique/agent de couplage. 

25. Procede selon la revendication 14 ou 15, dans le- 
quel ledit ou lesdits agents de couplage sont choi- 
sis, independamment, dans I'ensemble consistanl 

en des esters actifs de maleimido-N-hydroxysucci- 20 
nimide et des esters actifs d'halogeno(actit)-N-hy- 
droxysuccinimide. 

26. Procede selon la revendication 25, dans lequel au 
moins un agent de couplage est un ester de malei- 25 
mido-N-hydroxysuccinimide choisi dans t'ensemble 
consistanl en Tester de m-maleimidobenzoyl-N-hy- 
droxy-succinimide, le 4-(N-maleimidomethyl)cyclO' 
hexane-1 -carboxylate de succinimidyle, le 4-{p-ma- 
leimidophenyljbutyrate de succinimidyle, Tester de 30 
m-maleimidobenzoyt-sunosuccinimide el le 4-(p- 
maletmidophenyl)bulyrate de sulfosuccinimidyle. 

27. Procede selon la revendication 25, dans lequel au 
moins un agent de couplage est un ester actil de 35 
maleimido-N-hydroxysuccinimlde ayant un espa- 
ceur represents par la formule : 

-(X„)-C(=0)-R- 

dans laquelle X represente un aminoacide 
substitue ou non substitue comportant de 3 a 
10 atomes de carbone en chaine Itneaire, 
nvautde 1 a 10 ; et 

R represente un groupe alkyle, cycloalkyle, alk- 
yl-cycloalkyle ou un noyau carboxylique aro- 
matique. 

28. Procede selon la revendication 25, dans lequel au so 
moins un agent de couplage est un ester actif 
d'halogeno(actif)-N-hydroxysuccinimide choisi 
dans Tensemble consistanl en le bromoacelate de 
N-succinimidyle, le (4-iodoacetyl)aminobenzoate 

de N-succinimidy!e el le (4-iodoacetyl)amino-ben- ss 
zoale de sulfosuccinimidyle. 
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Activation of a Specific Binding Member Using a Moleimido-NHS Active 
Ester Heterobifunctionol Reagent 

? 0 S 0 ° 

PROTEIN -NHj + r^N- 0 - C • R - N 1 — PROTEIN - N - C - R - 

^66 -0 



FIG. 1 

Activotion of 0 Specific Binding Member Using on Active Hologen-NHS 
Active Ester Heterobifunctionol Reogent 



J, 0 0 ? ? , 

PROTEIN-NHj+Qn-O-C-R-C-CHjI — PROTEIN-^-C-R-C-CHjI 



' 0 



^ J 

FIG. 2 
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Dithiol Preporotion of o Thioloted Solid Phose 



9 0 0 
S0LID-NH2+ [;n-o-c-r-c-ch2I 



z 



0 



0 0 

SOLID-N-C-R-C-CH2I 

H 



+ HS-X-SH 



0 0 

SOLID-N-C-R-C-CH2-S-X-SH 
H 



FIG. 3 
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